Carbon capture and storage in context: The importance of state policy and discourse in deploying emerging energy technologies  by Wilson, Elizabeth J. et al.
 
 (QHUJ\3URFHGLD±

(QHUJ\
3URFHGLD

ZZZHOVHYLHU FRPORFDWH;;;

*+*7
&DUERQFDSWXUHDQGVWRUDJHLQFRQWH[WWKHLPSRUWDQFHRIVWDWH
SROLF\DQGGLVFRXUVHLQGHSOR\LQJHPHUJLQJHQHUJ\WHFKQRORJLHV
(OL]DEHWK-:LOVRQ-HQQLH&6WHSKHQV 7DUOD5DL3HWHUVRQ 0LULDP)LVFKOHLQ 
+XPSKUH\,QVWLWXWHRI3XEOLF$IIDLUV8QLYRI0LQQHVRWD WK$YH60LQQHDSROLV0186$'HSDUWPHQW RI ,QWHUQDWLRQDO
'HYHORSPHQW&RPPXQLW\DQG(QYLURQPHQW&ODUN8QLYHUVLW\0DLQ6WUHHW:RUFHVWHU0$86$ 
7H[DV$	08QLYHUVLW\&ROOHJH 6WDWLRQ 7; 86$ 
(OVHYLHUXVHRQO\5HFHLYHGGDWHKHUHUHYLVHGGDWHKHUHDFFHSWHGGDWHKHUH 
$EVWUDFW
$VDWHFKQRORJ\WKDWPD\LQYROYHQHZULVNVODUJH VFDOHLQIUDVWUXFWXUHDQGVLJQLILFDQWJRYHUQPHQWLQYROYHPHQWFDUERQFDSWXUH
DQGVWRUDJH&&6IDFHVDZLGHYDULHW\RIGHSOR\PHQWFKDOOHQJHV%HFDXVHHQHUJ\SROLF\LQ WKH86 LVQHJRWLDWHGDWWKHVWDWH
OHYHO LW LV LPSRUWDQW WR HYDOXDWHZKDWPLJKWLQIOXHQFH &&6 UHODWHG GHFLVLRQV LQ WKH 86 DW WKDW OHYHO 7KLV SDSHU SUHVHQWV D
GHWDLOHGDQDO\VLVRIKRZ GHSOR\PHQW GLVFXVVLRQV DQG GHFLVLRQV UHJDUGLQJ &&6DUH QHJRWLDWHGZLWKLQ 7H[DV 0LQQHVRWD DQG
0DVVDFKXVHWWV7KHVHVWDWHVZHUH FKRVHQEDVHGXSRQWKHLUFXUUHQWLQYROYHPHQWLQ&&6UHVHDUFKKLJK PHGLXPORZSRWHQWLDO
IRUGHSOR\LQJ&&6GLUHFW LQGLUHFWRUDEVHQW DQGUHJXODWLRQUHVWUXFWXUHGUHJXODWHG :HH[SORUHQXDQFHVZLWKLQWKHSROLF\
GHEDWHVDQGSXEOLFGLVFRXUVH VXUURXQGLQJ&&6 LQWKHVHWKUHHVWDWHV WKURXJKWKHXVHRIOHJLVODWLYHDQGSROLF\DQDO\VLVLQWHUYLHZV
ZLWKVWDNHKROGHUVDQGPHGLD DQDO\VLV 8VLQJLQIRUPDWLRQJHQHUDWHGIURPOHJLVODWLYHGRFNHWVDQGVWDWH OHYHOQHZVSDSHUFRYHUDJH
ZHFRQVWUXFWDWHPSODWH RI&&6GLVFXVVLRQVIUDPLQJDQGSROLF\FUHDWLRQ ZLWKLQHDFKVWXG\VWDWH 

&&6FOLPDWH FKDQJHPHGLDIUDPLQJSROLF\DQDO\VLVULVNEHQHILW
,QWURGXFWLRQ
&DUERQ FDSWXUH DQG VWRUDJH &&6 KDV WKH SRWHQWLDO WR HQDEOH GHHS UHGXFWLRQV LQ FDUERQ GLR[LGH &2 HPLVVLRQV
IURPIRVVLO IXHOJHQHUDWHGHQHUJ\E\FDSWXULQJ&2DWODUJHIRVVLO IXHOEDVHG SRZHUSODQWVDQGLQMHFWLQJWKHFDSWXUHG
&2 LQWR VHFXUH XQGHUJURXQG JHRORJLF  IRUPDWLRQV HQVXULQJ WKH &2 ZLOO UHPDLQ RXW RI WKH DWPRVSKHUH > @ 
+RZHYHUWREHHIIHFWLYH&&6SURMHFWVPXVWEHEXLOWDQGGHSOR\HGZLGHO\ 8QOLNHFRQYHQWLRQDOFRDOQDWXUDOJDVRU
QXFOHDU SODQWV RU HYHQ HQHUJ\ HIILFLHQF\ SURJUDPV ZKLFK FDQ EH EXLOW RU GHSOR\ HG DOPRVW DQ\ZKHUH &&6
GHSOR\PHQW LV OLPLWHG WR DUHDV ZKHUH WKHUH LV FDUERQ WR FDSWXUH D VRXUFH DQG D SODFH WR LQMHFW LW D VLQN:KLOH
VRXUFHVRI&2DUHSOHQWLIXOQDWLRQZLGHPDWFKLQJVRXUF HDQGVLQNFRXOGDIIHFWERWK WKHUHODWLYHFRVW LIDQH[WHQVLYH
SLSHOLQHQHWZRUNLVUHTXLUHGDQGWKHUHODWLYHHDVHRIGHSOR\LQJ&&6 

&RUUHVSRQGLQJDXWKRU7HO ID[  
(PDLODGGUHVV HZLOVRQ#XPQHGX 
c© 2009 Elsevier Ltd.
Energy Procedia 1 (2009) 4519–4526
www.elsevier.com/locate/procedia
doi:10.1016/j.egypro.2009.02.270
Open access under CC BY-NC-ND license.
 :LOVRQHWDO(QHUJ\3URFHGLD   ± 
:KLOH WKH LQGLYLGXDO WHFKQRORJLFDO FRPSRQHQWV RI &&6 DUH SURYHQ LQ RWKHU DSSOLFDWLRQV ZLWKLQ WKH RLO DQG JDV
LQGXVWU\DQGWKHSRZHUVHFWRUWKHFRQILJXUDWLRQWKHLQWHJUDWHGDSSOLFDW LRQDQGWKHVFDOHRIWKHFRPSRQHQWVXVHGLQ
&&6DUHQRYHO &RQFHUQVDERXWWKHVDIHW\LQVLWLQJ&&6IDFLOLWLHV SULPDULO\&2 SLSHOLQHVDQGJHRORJLFDOVWRUDJH
VLWHVXQFHUWDLQWLHVDERXWWKHORQJ WHUPVWDELOLW\RI&2VWRUHGXQGHUJURXQGDQGWKHVLJQLILFDQW LQIUDVWUXFWXUHFRVWV
UHTXLUHG IRU WKLV WHFKQRORJ\ DUH DPRQJ WKH FKDOOHQJHV IDFLQJ WKH GHSOR\PHQW RI &&6  ,Q DGGLWLRQ H[LVWLQJ
UHJXODWRU\DQGOHJDOIUDPHZRUNVDUHQRWHTXLSSHGWRIDFLOLWDWH&&6GLIIXVLRQ >@3XEOLFSHUFHSWLRQVRIWKHULVNVDQG
EHQHILWV DUH DQRWKHU IDFWRU WKDW FRXOG LQIOXHQFH DFFHSWDQFH VLWLQJ DQG GHSOR\PHQW > @6XSSRUWHUVRI DGYDQFLQJ
&&6WHFKQRORJ\LQFOXGHWKHIRVVLO IXHOLQGXVWU\WKHIHGHUDOJRYHUQPHQWDVZHOODVVRPHHQYLURQPHQWDOLVWV >@ 

7KH RQO\ UHDVRQ WR GHSOR\ &&6 LV WR UHGXFH JUHHQKRXVH JDV HPLVVLRQV  DQG DOORZ IRU FRQWLQXHG XVH RI FDUERQ 
LQWHQVLYH IRVVLO IXHOV LQ HOHFWULFLW\ JHQHUDWLRQ LQ WKH FRQWH[WRIFOLPDWHFKDQJH  ,QFUHDVHGSXEOLFDZDUHQHVVRI WKH
LPSDFWV DQG WKUHDWV RI DQWKURSRJHQLF FOLPDWH FKDQJH UHVXOWLQJ SULPDULO\ IURP HQHUJ\ GHULYHG HPLVVLRQV RI FDUERQ
GLR[LGH &2 WKH GRPLQDQW JUHHQKRXVH JDV FRQWULEXWLQJ WR FOLPDWH FKDQJH >@ DQG WKH HPHUJHQFH RI FULWLFDO
JHRSROLWLFDO FRQFHUQV VXUURXQGLQJ HQHUJ\ VHFXULW\ > @ KDYH LQWHQVLILHG WKH XUJHQF\ DVVRFLDWHG ZLWK WKLV
WUDQVLWLRQ  $V D WHFKQRORJ\ WKDW PD\ LQYROYH QHZ ULVNV ODUJHVFDOH LQIUDVWUXFWXUH DQG VLJQLILFDQW JRYHUQPHQW
LQYROYHPHQW KRZHYHU &&6 IDFHV D ZLGH YDULHW\ RI GHSOR\PHQW FKDOOHQJHV  %HFDXVH HOHFWULFLW\ JHQHUDWLRQ DQG
WUDQVPLVVLRQLVUHJXODWHGDWWKHVWDWHOHYHODQGVWDWHVFRQWUROSURSHUW\ULJKWVLVVXHVYLWDOWRSHUPLWWLQJDQGVLWLQJ&2
SLSHOLQHVDQGJHRORJLFDOVWRUDJHVLWHVLWLVLPSRUWDQWWRHYDOXDWHZKDWPLJKWLQIOXHQFH&&6UHODWHGGHFLVLRQVDWWKH
VWDWHOHYHO 

8QGHUVW DQGLQJQXDQFHVRI&&6GLVFRXUVHDQGGHEDWH LQ VWDWHVZLWKLQ WKH86 LVLPSRUWDQWIRUVHYHUDOUHDVRQV7KH
8QLWHG 6WDWHV KDV D VWUDWHJLF LQWHUHVW LQ &&6 WHFKQRORJ\ EHFDXVH WKH QDWLRQ UHOLHV RQ FRDO ILUHGSRZHUSO DQWV WR
JHQHUDWH  RI LWV HOHFWULFLW\  DQG URXJKO\  RI FDUERQ HPLVVLRQV IURP WKH HOHFWULF VHFWRU FRPH IURP FRDO
FRPEXVWLRQ  ,Q FRQVLGHULQJ VWDWH OHYHO SROLF\ DQG SXEOLF GLVFRXUVH DERXW &&6 VHYHUDO NH\ FKDUDFWHULVWLFV RI WKH
8QLWHG6WDWHV¶HQHUJ\VLWX DWLRQDUHZRUWKKLJKOLJKWLQJ WKH86KDV  DKLVWRULF UHOLDQFHRQFKHDS IRVVLO HQHUJ\
UHVRXUFHV  ODUJHFXUUHQWDQGIXWXUHGHSHQGHQFHRQGRPHVWLFFRDO KHDY\GHSHQGHQFHRQ LPSRUWHGRLOFRXSOHG
ZLWK SROLWLFDO FRQFHUQV DERXW HQHUJ\ VHFXULW\ DQG   VLJQLILFDQW UHJLRQDO GLIIHUHQWLDWLRQ LQ WHUPV RI HQHUJ\
SURGXFWLRQFRQVXPSWLRQ 

&2HPLVVLRQVDOVRYDU\FRQVLGHUDEO\EHWZHHQVWDWHVDVDUHVXOWRIWKHGLYHUVLW\DQGYDULDELOLW\LQHQHUJ\SURGXFWLRQ
DQG FRQVXPSWLRQ >@7KHVWDWHRI7H[DV IRUH[DPSOHSURGXFHVDSSUR[LPDWHO\ 0WRI&2 SHU \HDUZKLFK LV
PRUHWKDQPRVWQDWLRQVLQWKHZRUOGH[FHSWIRUWKHWRSVL[&2SURGXFLQJQDWLRQV WKH8QLWHG6WDWHV&KLQD5XVVLD
-DSDQ,QGLDDQG*HUPDQ\ >@ ,QFRQWUDVW WKH3DFLILF1RUWKZHVWVWDWHVR I:DVKLQJWRQDQG2UHJRQKDYHH[WUHPHO\
ORZ&2HPLVVLRQVGXHLQODUJHSDUWWRDKLJKDYDLODELOLW\RIK\GURSRZHULQWKDWSDUWRIWKHFRXQWU\ 

'HVSLWH WKHGLVSURSRUWLRQDWHFRQWULEXWLRQ WKDW WKH8QLWHG6WDWHVKDVPDGHWR WKHDFFXPXODWLQJFRQFHQWUDWLRQRI&2
LQWKHDWPRVSKHUHDQGGHVSLWH WKHFRXQWU\¶VSRWHQWLDODVDZRUOGOHDGHURQFULWLFDOJOREDO LVVXHV WKH8QLWHG6WDWHVKDV
QRW EHHQ D OHDGHU LQ LQWHUQDWLRQDO FOLPDWH FKDQJH SROLWLFV  $W ERWK WKH LQWHUQDWLRQDO DQG QDWLRQDO OHYHO WKH 8QLWHG
6WDWHVKDVEHHQ  VORZ WR UHVSRQG DQG HQJDJH RQ WKH FOLPDWH FKDQJH LVVXH  ,Q VSLWH RI WKH ODFN RI QDWLRQDOOHYHO
OHDGHUVKLSRQFOLPDWHSROLF\ WKHUHKDVEHHQVLJQLILFDQWFOLPDWHSROLF\DW WKHVWDWH UHJLRQDODQG ORFDO OHYHOV ,QWKH
DEVHQFHRIGHFLVLYHIHGHUDODFWLRQRYHUWKHODVWGHFDGHDWWHPSWV WRJRYHUQFOLPDWHFKDQJHDUH LQFUHDVLQJO\ERWWRP 
XSZLWKVWDWHDQGFRPPXQLW\ OHYHOHQWLWLHVWDNLQJWKHOHDGLQIRUPXODWLQJFOLPDWHSROLF\DQGORFDODFWLRQSODQV 

+HUH ZH SUHVHQW KRZ SUHOLPLQDU\ GHSOR\PHQW GLVFXVVLRQV DQG GLVFRXUVH UHJDUGLQJ &&6 DUH WDNLQJ SODFH ZLWKLQ
WKUHHJHRJUDSKLFDOO\HFRQRPLFDOO\DQGLQVWLWXWLRQDOO\GLYHUVH86VWDWHV ²0DVVDFKXVHWWV 0LQQHVRWD DQG7H[DV,Q
WKH86 HQHUJ\ SODQQLQJ SURMHFW DSSURYDO WUDQVPLVVLRQ DQG IDFLOLW\ VLWLQJ DUH DOO QHJRWLDWHG DW WKH VWDW HOHYHO 
1DWLRQDOPDSVRIFRDOUHVHUYHV &2VRXUFHV  DQG VHTXHVWUDWLRQ WDUJHWVPLVV FUXFLDO VWDWH VRFLR SROLWLFDOGLIIHUHQ FHV
:LWKLQGLIIHUHQW²RIWHQQHLJKERULQJ²VWDWHV HDUO\ FRQYHUVDWLRQV RQ &&6 DQG LWV SRWHQWLDO GHSOR\PHQW KDYH EHHQ
VKDSHG E\ GUDPDWLFDOO\ GLIIHUHQW SROLWLFDO GHEDWHV DQG FRDOLWLRQV RI VXSSRUWHUV DQG RSSRQHQWV 'HVSLWH WKHVH
VLJQLILFDQW VWDWH GLIIHUHQFHV SDVW HIIRUWV WR XQGHUVWDQG WKH FKDOOHQJHV RI HQHUJ\ WHFKQRORJ\ GLIIXVLRQ DQG
GHSOR\PHQW KDYH ODUJHO\  IRFXVHG RQ HFRQRPLF DQG WHFKQLFDO IDFWRUV DQG KDYH EHHQ FRQFHQWUDWHG DW WKH QDWLRQDO
OHYHO7KHVRFLR SROLWLFDOFRQWH[WZLWKLQVWDWHV LQFOXGHVGLYHUVH LQVWLWXWLRQVDQGDFWRUV UHJXODWLRQVDQG ODZVDVZHOO
DV EXVLQHVV DQG HFRQRPLF IDFWRUV 7KHVH FRQWH[WXDO GLIIHUHQFHV UHVXOW LQ G LIIHUHQW FRDOLWLRQV RI VXSSRUWHUV DQG
RSSRQHQWV IRU&&6 DQG ZLOO DIIHFWWKHIUDPLQJRI HPHUJLQJHQHUJ\ WHFKQRORJLHV LQFOXGLQJ &&6ZLWKLQ VWDWHHQHUJ\
4520 E.J. Wilson et al. / Energy Procedia 1 (2009) 4519–4526
 :LOVRQHWDO(QHUJ\3URFHGLD   ±  
SROLF\GHEDWHVSROLWLFDOGLVFXVVLRQV DQGSXEOLFGLVFRXUVH RIEHQHILWVDQGULVNVRIWKHWHFKQRORJ\7KHV HVWDWHVZHUH
FKRVHQ EDVHG RQ WKHLU FXUUHQW LQYROYHPHQW LQ &&6 UHVHDUFK KLJK PHGLXP ORZ SRWHQWLDO IRU GHSOR\LQJ  &&6
ZLWKLQ WKHLU VWDWHERUGHUV GLUHFW LQGLUHFW RU DEVHQW DQG UHJXODWRU\ VWUXFWXUH UHVWUXFWXUHG UHJXODWHG :LWKLQ RXU
WKUHHFDVH VWXGLHVZHXVHGPXOWLSOHPHWKRGVWRH[SORUHQXDQFHVZLWKLQWKHSROLF\GHEDWHVVXUURXQGLQJ&&6WKURXJK
DQDO\VLV RI WKH H[LVWLQJ HQHUJ\ V\VWHP OHJLVODWLYH DQG SROLF\ DQDO\VLV  DQG PHGLD DQDO\VLV (,$ HQHUJ\ GDWD
OHJLVODWLYHGRFNHWV DQGVWDWH OHYHO QHZVSDSH U FRYHUDJHSURYLGHG WKH IUDPHZRUN IRU D WHPSODWHRI&&6GLVFXVVLRQV
IUDPLQJDQGSROLF\FUHDWLRQZLWKLQHDFKVWXG\VWDWH 
&KDOOHQJHVRI&&6GHSOR\PHQWLQWKH86 
7KH WKUHH VWDWHV FRPSDUHG LQ WKLV VWXG\ DUH JHRJUDSKLFDOO\ HFRQRPLFDOO\ DQG LQVWLWXWLRQDOO\ GLYHUVH DQG KDYH
GLIIHUHQW DELOLWLHV WR VHTXHVWHU FDSWXUHG &2  %RWK 0LQQHVRWD DQG 0DVVDFKXVHWWV ODFN VHGLPHQWDU\ EDVLQV RU
JHRORJLFDO IRUPDWLRQV VXLWDEOH IRU &&6 DQG QHLWKHU VWDWH KDV DQ\ RSSRUWXQLWLHV IRU HQKDQFHG RLO UHFRYHU\ (25
+RZHYHU 0LQQHVRW D LV UHODWLYHO\ FORVH WR WKH :LOOLVWRQ %DVLQ LQ 1RUWK 'DNRWD %\ FRQWUDVW 7H[DV KDV DPSOH
RSSRUWXQLWLHVIRU(25DQGDOVRSRVVHVVHVJRRGJHRORJ\IRU&&6 7KLVVHFWLRQUHYLHZVWKHHQHUJ\V\VWHPFRQWH[W LQ
HDFK RI WKH WKUHH VWDWHV E\ ILUVW UHYLHZLQJ H[LVWLQJ HOHFWULFLW\ V\VWHPV WKHQ H[DPLQLQJ &&6 UHODWHG SROLF\ DFWLYLW\
DQGILQDOO\H[DPLQLQJPHGLDFRYHUDJHRI&&6LQHDFKVWDWH

 ([LVWLQJ(QHUJ\6\VWHPDQG*HRORJ\0DWFKLQJHQHUJ\DQGLQGXVWULDOV\VWHPVDQGSRWHQWLDOVLQNVLQ
0DVVDFKXVHWWV0LQQHVRWDDQG 7H[DV 
([LVWLQJHOHFWULFDQG LQGXVWULDO LQIUDVWUXFWXUHZLOODIIHFW WKH UHODWLYHFRVWVDQGEHQHILWVRIGHSOR\LQJ&&6([LVWLQJ
LQVWLWXWLRQDO VWUXFWXUHV DQG SUDFWLFHV VKDSHZKDW LV WHFKQLFDOO\ DQG HFRQRPLFDOO\ IHDVLEOH DQG VRFLDOO\ GHVLUDEOH ,Q
WKLVVHFWLRQZHSUHVHQWGLIIHUHQFHV LQGHPRJUDSKLF LQVWLWXWLRQDODQGHFRQRPLFVWUXFWXUHRI WKHHOHFWULFLW\VHFWRU IRU
0DVVDFKXVHWWV0LQQHVRWDDQG7H[DVWRLOOXVWUDWHWKHYDULHW\RIIDFWRUVWKDWPLJKWLQIOXHQFH&&6GHSOR\PHQW7DEOH
2SSRUWXQLWLHVWRFDSWXUH&2LQ WKHHOHFWULFVHFWRUZLOOGHSHQGRQDQXPEHURIGLIIHUHQWIDFWRUVGHPDQGJURZWK 
JHQHUDWLRQ PL[ DJH RI IDFLOLWLHV WUDQVPLVVLRQ DYDLODELOLW\ PDUNHW FRQFHQWUDWLRQ UHJXODWRU\ IUDPHZRUN DQG RWKHU
IDFWRUVZKLOHRSSRUWXQLWLHVWRVHTXHVWHU&2GHSHQGRQJHRORJ\DQGWKHSUR[LPLW\WRDJRRGVHTXHVWUDWLRQVLWH 

7DEOH(FRQRPLFDQGGHPRJUDSKLFLQGLFDWRUVIRU0DVVDFKXVHWWV0LQQHVRWDDQG7H[DV 
 0$ 01 7;
3RSXODWLRQ    
3RSXODWLRQJURZWK   
/DQGDUHDVTPLOHV    
3HUVRQSHUVTPLOH    
3HUFDSLWDLQFRPH86   
6WDWH*'3ELOOLRQ86   
(FRQRPLFJURZWK   
6RXUFH86&HQVXV%XUHDX%($ 
0DVVDFKXVHWWVKDVDKLJKSRSXODWLRQGHQVLW\²UHODWLYHO\ HYHQO\ GLVWULEXW HG DFURVV WKH VWDWH D VPDOO ODQG DUHD DQG D
UHODWLYHO\ KLJK SHU FDSLWD LQFRPH 0LQQHVRWD¶V SRSXODWLRQ LV FRQFHQWUDWHG LQ WKH 7ZLQ &LWLHV DUHD ZLWK ODUJH
GLIIHUHQFHV LQ LQFRPH DQG SRSXO DWLRQ GHQVLW\ EHWZHHQ WKHPHWURSROLWDQ DQG UXUDO DUHDV 7H[DV KDV VHYHUDO ODUJH
FLWLHV²+RXVWRQ 'DOODV $XVWLQ 6DQ $QWRQLR²DQG ODUJH UXUDO DUHDV %RWK 7H[DV DQG 0LQQHVRWD KDYH KLJK
SRSXODWLRQ JURZWK VLQFH  ZKLOH0DVVDFKXVHWWV¶ SRSXODWLRQ JURZWK KDV E HHQ IODW >@ 3HU FDS LWD LQFRPH LV
KLJKHVW LQ0DVVDFKXVHWWV IROORZHG E\0LQQHVRWD DQG WKHQ 7H[DV 7KHVH GHPRJUDSKLF DQG HFRQRPLF IDFWRUV PD\
GULYHZKHWKHU&&6LVGHSOR\HG E\ LQFUHDVLQJ FRQIOLFWSRWHQWLDODURXQGVLWLQJ KLJKSRSXODWLRQGHQVLW\GULYLQJWKH
QHFHVVLW\ IRU QHZ JHQHUDWLRQ VRXUFHV  SRSXODWLRQ DQGRU HFRQRPLF JURZWK  DQG ZLOOLQJQHVV WR SD\ IRU FDUERQ
UHGXFWLRQSHUFDSLWDLQFRPH 
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7KHIXHOPL[²DQG UHVXOWLQJ FDUERQ OLDELOLW\²IRU HOHFWULFLW\ JHQHUDWLRQ LV DOVR TXLWH GLIIHUHQW 'RPLQDWHG E\ FRDO
 DQG QXFOHDU  0LQQHVRWD LV UHSUHVHQWDWLYH RI PDQ\ 0LGZHVWHUQ VWDWHV > @ ,Q FRQWUDVW ERWK
0DVVDFKXVHWWVDQG7H[DVREWDLQKDOIRI WKHLUHOHFWULFLW\ IURP ORZHUFDUERQQDWXUDOJDVIROORZHGE\FRDODQGQXFOHDU
SRZHU'XHWRLWVFRDO LQWHQVLYHIXHOPL[0LQQHVRWDKDVDKLJKFDUERQLQWHQVLW\IDFWRURIPHWULFWRQVRI &2
SHU0:KFORVHO\IROORZHGE\7H[DVDWPHWULFWRQVSHU0:K >@0DVVDFKXVHWWVHPLWVPHWULF WRQVSHU
0:K
&2 FDSWXUH RSSRUWXQLWLHV LQ WKH LQGXVWULDO VHFWRU DQG WKHLU SUR[LPLW\ WR &&6 VLQNV DUH DOVR LPSRUWDQW 7H[DV KDV
RYHU  UHILQHULHV DQG D ODUJH LQGXVWULDO VHFWRU ORFDWHG RQ RU QHDU WKH )ULR )RUPDWLRQ D IDYRXUDEOH WDUJHW IRU &2
LQMHFWLRQ>@0LQQHVRWDKDVVHYHUDOVLJQLILFDQWVRXUFHVRI&2²IURPFRDO ILUHG HOHFWULF SODQWV WR HWKDQRO SODQWV
EXWWKHRQO\RSSRUWXQLWLHVIRUVHTXHVWHULQJWKHFDSWXUHG&2DUHLQJHRORJLFEDVLQVURXJKO\PLOHVDZD\LQ1RUWK
'DNRWD ,Q0DVVDFKXVHWWV WKH LQGXVWULDO VHFWRU LV UHODWLYHO\ VPDOO DQG WKHUH DUH QR VXLWDEOH VLQNV LQ WKH VWDWH 7KH
QHDUHVWPD\EHLQXSVWDWH1HZ<RUNEXW0DVVDFKXVHWWVPD\KDYHORZSULRULW\IRUXVLQJWKHSRUHVSDFHWKHUH 
 &&632/,&<&217(;73DVVLQJSROLFLHVWRVXSSRUW&&6 
$OO WKUHH VWDWHV KDYH VHW  UHQHZDEOH HQHUJ\ JRDOV EXW RQO\ 0DVVDFKXVHWWV DQG 0LQQHVRWD KDYH DGRSWHG SROLFLHV WR
UHGXFH*+* HPLVVLRQV  )URP 5DEH¶V  WD[RQRP\ WR H[DPLQH VWDWH DFWLRQ RQ JUHHQKRXVH JDV HPLVVLRQV²
ZKLFK GLYLGHG VWDWHV LQWR  FDWHJRULHV EDVHG RQ WKH SROLFLHV WKH\ KDG DGRSWHG KLJK RU ORZ UHJXODWLRQ DQG WKH
UHODWLYH FKDQJH LQ HPLVVLRQV KLJKRU ORZ²0DVVDFKXVHWWVKDVKLJKSROLF\ ORZHPLVVLRQVJURZWK0LQQHVRWDKLJK
SROLF\KLJKHPLVVLRQVJURZWKDQG7H[DVGHPRQVWUDWHVDVWDWHZLWK ORZSROLF\DQGKLJKHPLVVLRQVJURZWK  ,Q WKLV
FRQWH[W UHJXODWLRQV VSHFLILF WR FDUERQFDSWXUH DQG VWRUDJHSROLFLHVKDYH VWDUWHG WR HPHUJH 7DEOH7KH WKUHH VWDWHV
LQ WKLV VWXG\ KDYH DOO SDVVHG ODZV SHUWDLQLQJ WR FDUERQ FDSWXUH DQG 0LQQHVRWD DQG 7H[DV KDYH DOVR SDVVHG
OHJLVODWLRQUHOHYDQWWRFDUERQVWRUDJH 

0DVVDFKXVHWWVKDV LQFOXGHGFDUERQFDSWXUHDQGVWRUDJHDVDQHOLJLEOHDOWHUQDWLYHHQHUJ\VRXUFHXQGHU LWV5HQHZDEOH
(QHUJ\3RUWIROLRVWDQGDUG6%$FWVRI&K ,WKDVLQVWUXFWHGVWDWHDJHQFLHVWRFUHDWHGHILQLWLRQVDQG
VWDQGDUGVWRWKLVHQG7KH0DVVDFKXVHWWV&OHDQ(QHUJ\7HFKQRORJ\&HQWHUDOVRLQFOXGHVFDUERQFDSWXUHDQGVWRUDJH
DPRQJFOHDQHQHUJ\ WHFKQRORJLHV +%DP$ FWVRI&K,QDGGLWLRQ0DVVDFKXVHWWVLVSDUWRIWKH
5HJLRQDO*UHHQKRXVH*DV,QLWLDWLYH5**,ZKLFKKHOG LWV ILUVWSHUPLWDXFWLRQ LQ ODWH6HSWHPEHUDQGDLPV WR
UHGXFHJUHHQKRXVHJDVHPLVVLRQVE\E\DFURVVDWHQVWDWHUHJLRQ7KL VUHJLRQDOFDSDQGWUDGHV\VWHPPD\
SURYHD IDFLOLWDWLQJ IDFWRU IRUFDUERQFDSWXUHDQGVWRUDJH LQ WKH IXWXUH  LIDOORZDQFHSULFHV ULVH WRD OHYHO WKDW UHQGHU
&&6 HFRQRPLFDOO\ YLDEOH 

0LQQHVRWD KDV GHILQHG KLJKO\ HIILFLHQF\ FRDO ,*&& WHFKQRORJ\ DV D FOHDQ HQHUJ\ WHFKQRORJ\ DQG KDV SDVVHG
LQFHQWLYH UHJXODWLRQ IRU LWV GHSOR\PHQW 6)  % ,Q WKH 1H[W *HQHUDWLRQ (QHUJ\ $FW D
VWDWH HPLVVLRQV UHGXFWLRQ WDUJHWRIRYHU OHYHOVZDV VHW IRU ,Q WKH VDPH\HDU0LQQHVRWD DWWULEXWHG 
WRWKHVWDWHJHRORJLFDOVXUYH\IRUDJHRORJLFDOVHTXHVWUDWLRQVWXG\ 6)6/&+DUW 

7H[DV KDV JRQH IXUWKHVW WR FUHDWH D YLDEOH SROLF\ HQYLURQPHQW IRU FDUERQ FDSWXUH DQG VHTXHVWUDWLRQ ,W KDV SDVVHG
LQFHQWLYHV IRU DGYDQFHG HQHUJ\ SUR MHFWV ZKLFK LQFOXGHV DGYDQFHG FRDO WHFKQRORJLHV +% ,Q DQ LPSRUWDQW
VWHS 7H[DV GHFUHHG LQ  WKDW WKH VWDWH ZLOO WDNH RZQHUVKLS RI WKH &2 VHTXHVWHUHG E\ D )XWXUH*HQ 3URMHFW LI
7H[DVZHUH WRZLQ WKH IHGHUDO JUDQW  (IIHFWLYHO\ WKLVPHDQV WKDW WKH RSHUDWRUV RI WKH VHTXHVWUDWLRQ SURMHFW ZRXOG
EHDUQROLDELOLW\LQWKHFDVHRIDQDFFLGHQWDOHVFDSHRIFDUERQ 


 &$3785(32/,&,(6  6725$*(32/,&,(6 

1XPEHUVDUHIRUSHULRG 
7KH)XWXUH*HQSURMHFWKDVVLQFHEHHQSXWRQKROGE\WKHIHGHUDOJRYHUQPHQW
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6%$FWV
RI&K 
 $OWHUQDWLYHHQHUJ\SRUWIROLRVWDQGDUG
LQFOXGHVJDVLILFDWLRQZLWKJHRORJLF
VHTXHVWUDWLRQLQVWUXFWVDJHQF\WRVHW
VHTXHVWUDWLRQGHILQLWLRQVDQG
VWDQGDUGV
  0$

+%DP
$FWVRI
&K 
 (VWDEOLVKHV0$&OHDQ(QHUJ\
7HFKQRORJ\&HQWHUZLWK&&6
LQFOXGHGRQOLVWRIFOHDQHQHUJ\
WHFKQRORJLHV 
  
01 6)
% 

 ,QFHQWLYHVIRU,*&& 6)
6/&+
DUW 
 WR01*HRO
6XUYH\ IRU JHRORJLFDO
VHTXHVWUDWLRQVWXG\ 
7; +%  ,QFHQWLYHVIRUDGYDQFHHQHUJ\
SURMHFWV LQFOXGLQJDGYDQFHGFRDO 
+%  6WDWH WDNHVRZQHUVKLS
RI&2VHTXHVWHUHG
E\)XWXUH*HQ
7DEOH /HJLVODWLRQUHOHYDQWIRU&&6LQWKUHHVWXG\VWDWHV 

 0HGLD$QDO\VLV 
3XEOLFDWWLWXGHVKDYHEHHQIRXQG WREH LPSRUWDQWSUHGLFWRUV IRU WKHGLIIXVLRQRIV\VWHPLF WHFKQRORJLHVDQG WKH\ LQ
WXUQ VKDSH SXEOLF GLVFRXUVH 0HGLD DQDO\VLV LVDXVHIXODSSURDFKWRSUREHDQGDQDO\]HSXEOLFGLVFRXUVHEHFDXVHWKH
QHZVPHGLDSURYLGHVDUHSUHVHQWDWLRQRUUHIOHFWLRQRISXEOLFGLVFRXUVH >@7KHQHZVPHGLDDOVRKDVWKHSRWHQWLDOWR
LQIOXHQFH SXEOLF SHUFHSWLRQ DQG UHLQIRUFH RU SRWHQWLDOO\ FKDQJH WKH GL UHFWLRQ DQG VFRSH RI SXEOLF GLVFRXUVH RQ D
SDUWLFXODU LVVXH >@+RZMRXUQDOLVWVGHFLGHWRSUHVHQWDQLVVXHRUWRSLFWRGHYHORSPHDQLQJDQGIUDPLQJRIDQLVVXH
LVLQIOXHQFHGE\WKHSUHH[LVWLQJSXEOLFGLVFRXUVHDERXWWKHLVVXH >@ 

0DMRU PHGLD RXWOHWV UDUHO\ KLJKOLJKW HQHUJ\ SROLF\ GHYHORSPHQW  5DWKHU WKH\ IUDPH VWRULHV UHOHYDQW WR HQHUJ\
SROLF\ LQ WHUP V WKDW DUH GHHPHG PRUH QHZVZRUWK\ VXFK DV QDWLRQDO VHFXULW\ HQYLURQPHQWDO TXDOLW\ DQG SXEOLF
KHDOWK  %HFDXVH IUDPLQJ LV VR IXQGDPHQWDO WRPHGLD FRYHUDJH RI HQHUJ\ ZH XVHG IUDPH DQDO\VLV >@  WRH[SORUH
KRZ DVSHFWV RI WKH ODQJXDJH DQG VWUXFWXUH RI QHZV LWHPV HPSKDVL] HG FHUWDLQ DVSHFWV RI &&6 DQG RPLWHG RWKHUV
)UDPH DQDO\VLV FDQ LGHQWLI\ UHODWLRQVKLSV EHWZHHQ NH\ WKHPHV WKH GHJUHH WR ZKLFK WKH SULQW PHGLD OLQN VSHFLILF
WHFKQRORJLHV WR FOLPDWH FKDQJH ZKDW WRQH WKH\ H[KLELW SRVLWLYHQHJDWLYH WRZDUG VSHFLILF HPHUJLQJ WHFKQRORJLHV
WKHYDOHQFHRISRVLWLYHQHJDWLYHFKDUDFWHUL]DWLRQDQGKRZVFLHQFHDQGWHFKQRORJ\EURDGO\GHILQHG DUHWUHDWHG 

,Q WKHKLJKHVWFLUFXODWLQJQHZVSDSHU LQHDFKRI WKHWKUHHVWDWHV WKHUHZHUHYHU\IHZDUWLFOHVRQ&&6WKURXJKRXW WKH
V D\HDUD IHZPRUH LQ WKHHDUO\¶VDQG WKHQDQ LQFUHDVH LQ WKH\HDU)LJXUH $WRWDORI
DUWLFOHVZHUH LGHQWLILHGDUWLFOHV LQ WKH%RVWRQ*OREHDUWLFOHV LQ WKH+RXVWRQ&KURQLFOH DQGDUWLFOHV LQ WKH
0LQQHDSROLV6WDU7ULEXQH 7KH+RXVWRQ&KURQLFOHDQGWKH0LQQHDSROLV6WDU7ULEXQHKDYHDJUHDWHUSHUFHQWDJHRI
DUWLFOHVDERXW&&6DSSHDULQJ LQ WKHEXVLQHVV VHFWLRQ DQGUHVSHFWLYHO\ZKLOHHGLWRULDOSLHFHVDERXW&&6
ZHUH PRUH FRPPRQ LQ WKH %RVWRQ *OREH  WKDQ LQ WKH RW KHU WZR QHZVSDSHUV )LJXUH   &XUUHQW RQJRLQJ
UHVHDUFK LV DQDO\]LQJ WKH VWDWHOHYHO QHZVSDSHU IUDPLQJV RI &&6 GLVFXVVLRQ WR FRPSDUDWLYHO\ DVVHVV WKH ULVN DQG
EHQHILWIUDPLQJVDVVRFLDWHGZLWKFRYHUDJHRI&&6LQWKHQHZVPHGLD 
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
)LJXUH )UHTXHQF\RYHU WLPH7KHQXPEHURI&&6UHODWHGDUWLFOHVSXEOLVKHGLQHDFKRIWKHWKUHHQHZVSDSHUVIURP
  
7KHVH LQLWLDOPHGLDDQDO\VLV UHVXOWVSDUWLFXODUO\ WKHSODFHPHQWDQG W\SHRI WKH IHZ&&6DUWLFOHVSXEOLVKHG LQ WKHVH
VWDWH QHZVSDSHUV VXJJHVW D GLIIHUHQFH LQVWDWHOHYHOGLVFRXUVHVXUURXQGLQJ&&67KHSODFHPHQWRIDUWLFOHVZLWKLQD
QHZVSDSHU SURYLGHV LQVLJKWV RQ WKH VDOLHQFH H[WHQW DQG W\SH RI GLVFRXUVH RQ WKH WRSLFDO LVVXH LQ WKDW QHZVSDSHUV
WDUJHW DXGLHQFH  7KH KLJK SHUFHQWDJH RI &&6 DUWLFOHV LQ WKH EXVLQHVV VHFWLRQ LQ 7H[DV LV UHSUHVHQWDWLYH RI WKH
GRPLQDQW HFRQRPLF IUDPLQJ RI HQHUJ\ DQG HQHUJ\ WHFKQRORJ\ G HYHORSPHQW LQ WKDW VWDWH   7H[DV LV D VWDWH ZLWK D
ORQJ HFRQRPLF KLVWRU\ DQG FORVH VWDWHOHYHO HFRQRPL F LGHQWLILFDWLRQ DQG DVVRFLDWLRQ ZLWK WKH HQHUJ\ LQGXVWU\ DQG
HQHUJ\WHFKQRORJLHV 
2SLQLRQ SLHFHV GHPRQVWUDWH D FHUWDLQ SROLWLFDO VDOLHQFH RI WKH WRSLF RI WKH DUWLFOH RSLQLRQ SLHFHV UHIOHFW LVVXHV WKDW
DUHFXUUHQWO\RQWKHSROLWLFDODJHQGDDQGKDYHVRPHGHJUHHRIFRQWURYHUV\$OVRWKHHGLWRUL DOSDJHLVWKHWKLUGPRVW
UHDG VHFWLRQ RI WKH QHZVSDSHU JHQHUDO QHZV LV WKHPRVW UHDG VHFWLRQ DQG VSRUWV LV WKH VHFRQGPRVW UHDG VHFWLRQ
>@7KHKLJKHUOHYHORI&&6DUWLFOHVSODFHGLQWKHHGLWRULDOVHFWLRQRIWKH%RVWRQ*OREHFRPSDUHGWRWKHRWKHUWZR
QHZVSDSHUVVXJJHVWVDKLJKHUGHJUHHRISHUFHLYHGFRQWURYHUV\VXUURXQGLQJ&&6LQ0DVVDFKXVHWWV WKDQLQWKHRWKHU
WZR
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
)LJXUH 3HUFHQWRI&&6UHODWHGDUWLFOHVLQHDFKQHZVSDSHUWKDWDSSHDUHGLQWKHEXVLQHVVVHFWLRQDQGLQWKHRS 
 HGHGLWRULDOVHFWLRQ 
'LVFXVVLRQ)XWXUH6WHSVDQG&RQFOXVLRQV 
,QWKL VSDSHUZHH[SORUHWKHGHYHORSPHQWRIHPHUJLQJ&&6V\VWHPVZLWKLQDODUJHUFRQWH[WRIVWDWHHQHUJ\V\VWHPV
SROLF\ FUHDWLRQ DQG VWDWH OHYHO GLVFRXUVH RI&&6 DV UHSUHVHQWHG LQ WKHPHGLD (DFK RI WKH VWXG\ VWDWHVZLOO KDYH D
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GLIIHUHQW UHODWLRQVKLSZLWK&&6²DQGZLOOIROORZGLVWLQFWO\GLIIHUHQWSDWKVRI&&6GHYHORSPHQW7KLVOD\HUHGPXOWL
PHWKRGDSSURDFKHQDEOHVDPRUHQXDQFHGXQGHUVWDQGLQJRIKRZ&&6GHSOR\PHQWZLOODFWXDOO\KDSSHQ LQGLIIHUHQW
VWDWH FRQWH[WV DQG KRZ VWDWH GLIIHUHQFHV LQ WKH HOHFWULFLW\ VHFWR U WKH SROLF\ SURFHVV DQG LQ WKHPHGLDZLOO VKDSH
VWDWHOHYHOVDOLHQFHDQGGLVFRXUVHDQGUHVXOWLQJGHSOR\PHQWSDWWHUQV 

,Q0DVVDFKXVHWWV WKHHOHFWULFVHFWRULV OHVVFDUERQLQWHQVLYHWKDQRWKHUSDUWVRI WKHQDWLRQDQGLQWKHDEVHQFHRIDQ
H[WHQVLYHSLSHOLQHQHWZRUNRUGHYHORSPHQWRIRIIVKRUH&&6UHSRVLWRULHV WKHUHLVQRSODFHWRLQMHFWFDSWXUHG&2
:KLOH0DVVDFKXVHWWVKDVDGRSWHGDJUHHQKRXVHJDV UHGXFWLRQ WDUJHWDQGSDUWLFLSDWHV LQ WKH5**,PDUNHW LW VHHPV
XQOLNHO\WKDW&&6ZLOOHYHUSOD\DODUJH UROH LQ WKH VWDWH¶V HQHUJ\ V\VWHP ,QWHUHVWLQJO\0DVVDFKXVHWWVKDVEHHQRQH
RI WKH HDUOLHVW VWDWHV LQ SDVVLQJ &&6UHOHYDQW OHJLVODWLRQ²WKHLU DOWHUQDWLYH HQHUJ\ SRUWIROLR LQFOXGHV JDVLILFDWLRQ
ZLWK VHTXHVWUDWLRQ DQG UHTXLUHV WKDW VWDQGDUGV IRU FDSWXUH DQG  VHTXHVWUDWLRQEH HVWDEOLVKHG ,W DOVR LQFOXGHV&&6RQ
WKH OLVWRIFOHDQHQHUJ\WHFKQRORJLHV LQ WKH0$&OHDQ(QHUJ\7HFKQRORJ\&HQWHU+RZHYHU LWVHHPVXQOLNHO\ WKDW
DQ\&&6SURMHFWLQWKHQHDU WHUPZLOOEHORFDWHGLQ0DVVDFKXVHWWV 

,QFRQWUDVWZKLOH0LQQHVRWDGRHVQRW DSSHDU WR KDYH D VXLWDEOH IRUPDWLRQ WR VHTXHVWHU WKH&2²DVRXWOLQHGLQWKH
0LQQHVRWD*HRORJLFDO 6XUYH\¶V JHRORJLF DO VHTXHVWUDWLRQ VWXG\ LW GRHV KDYH D YHU\FRDO LQWHQVLYH HOHFWULF VHFWRU DQG
LQFHQWLYHV IRU ,*&& SODQWV DQG D SURSRVDO IRU DPHUFKDQWSRZHU ,*&&SODQW RQJRLQJ$GGLWLRQDOO\ WKH VWDWH LV D
SDUWLFLSDQW LQ WKH '2( 3ODLQV &2 5HJLRQDO 3DUWQHUVKLS DQG FRXOG FRQFHLYDEO\ VHTXHVWHU DQ\ FDSWXUHG &2 LQ
UHJLRQDO VHGLPHQWDU\ EDVLQV 7KHUH DUH QR (25 RSSRUWXQLWLHV IRU &2 LQMHFWLRQ LQ 0LQQHVRWD 0LQQHVRWD KDV
DGRSWHGJUHHQKRXVHJDVUHGXFWLRQWDUJHWV EXWKRZVLJQLILFDQWDUROH&&6ZLOOSOD\LQPHHWLQJWKHPLVXQFOHDU

7H[DVDSSHDUV WRKDYHDPSOHRSSRUWXQLWLHV IRU&&6GHYHORSPHQW²PDQ\ODUJHVRXUFHVRI&2DQGVRPHFDSWXUHG
&2FRXOGEHXV HGIRU (25RUVHTXHVWHUHG LQ WKHH[WHQVLYHVDOLQHDTXLIHUV+RZHYHU WKHRQO\UHDVRQWRHQJDJH LQ
&&6LVWRUHGXFHJUHHQKRXVHJDVHPLVVLRQVDQGDVRI\HWQRJUHHQKRXVHJDVUHGXFWLRQSROLF\KDVEHHQDGRSWHGE\
WKH7H[DVOHJLVODWXUHQRUGRHVWKLVVHHPOLNHO\LQWKHQHDUIXWXUH:KLOH7H[DVKDVLQFHQWLYHVLQSODFHIRUDGYDQFHG
HQHUJ\ SURMHFWV DQG ZDV D ILQDOLVW LQ WKH )XWXUH *HQ VLWH VHOHFWLRQ SURFHVV DQG DJUHHG WR WDNH RZQHUVKLS RI DOO
LQMHFWHG &2DQ\ ODUJH VFDOH &&6 GHSOR\PHQW ZLOO HLWKHU GHSHQG RQ D IHGHUDO FOLPDWH SROLF\ RU WKH FUHDWLRQ RI D
7H[DV*+*UHGXFWLRQWDUJHW 

7KH WKUHH VWDWHV H[DPLQHG KHUH ZRXOG EH DIIHFWHG GLIIHUHQWO\ E\ IHGHUDO SROLFLHV WR UHGXFH JUHHQKRXVH JDVHV RU
SROLFLHV WR SURPRWH&&61HLWKHU0DVVDFKXVHWWV QRU0LQQHVRWDZLOO EHQHIL W IURPDQ\SURYLVLRQV WRSURPRWH(25
ZKLOH7H[DV ²DV WKH ODUJHVW GRPHVWLF RLO SURGXFLQJ VWDWH FRXOG VXEVWDQWLDOO\ EHQHILW $V WKH VDOLHQFH RI FOLPDWH
FKDQJHJURZVLQWKH86WKLVDQDO\VLVVKRZVWKDW&&6GHSOR\PHQWKDVRQO\UHFHQWO\HQWHUHGWKHPDLQVWUHDP PHGLD
)UDPLQJ GHSOR\PHQW RI &&6 ZLWKLQ D ODUJHU VRFLRSROLWLFDO FRQWH[W ZLOO KHOS WR EHWWHU LGHQWLI\ NH\ IDFWRUV IRU
WHFKQRORJ\ GHSOR\PHQW DQG EHWWHU SUHGLFW SRWHQWLDO KXUGOHV RU DGYDQWDJHV IRU IXWXUH SURMHFWV 2XU QH[W VWHS LV WR
LQWHUYLHZ DQG FRQGXFW IRFXV JURXSVZLWK SHRSOHZKR FUHDWH HQHUJ\ SROLF\ DW WKH VWDWH OHYHOZLWK WKH DLP RI EHWWHU
GHOLQHDWLQJWKHVHDFWRUV¶SHUFHSWLRQVRI&&6ZLWKLQVSHFLILFVWDWHV 
2YHUDOO&&6FRXOGSOD\DQ LPSRUWDQW UROH LQ UHGXFLQJJUHHQKRXVHJDV HPLVVLRQV%\HVWDEOLVKLQJ DQGDQDO\]LQJD
ODUJHU FRQWH[W IRU HQHUJ\ SROLF\ FUHDWLRQ ZH KRSH WR SURYLGH D VRFLR SROLWLFDO VQDSVKRW RI WKH IDFWRUV WKDW GULYH
HQHUJ\ V\VWHP HYROXWLRQ :H KRSH WKDW WKLV PRUH QXDQFHG YLHZ RI VWDWH LQWHUHVW DQG IUDPLQJ ZLOO IDFLOLWDWH
GHSOR\PHQWWKURXJK LPSURYHGXQGHUVWDQGLQJRI&&6WHFKQRORJ\DQGRWKHUHPHUJLQJHQHUJ\WHFKQRORJLHV 

$FNQRZOHGJHPHQWV 
7KHDXWKRUVDUHJUDWHIXOIRUILQDQFLDOVXSSRUWRIWKLVUHVHDUFKIURPWKH1DWLRQDO6FLHQFH)RXQGDWLRQ6FLHQFHDQG
6RFLHW\SURJUDP16)6(67KDQN VWR0HOLVD3ROODNIRUKHUHGLWRULDOKHOS 
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